ABSTRACT -The aim of this study was to evaluate the agro-economic efficiency of intercropping carrot with cowpeavegetable in relation to the amounts of biomass of Calotropis procera (Ait.) R.Br. (known locally as flor-de-seda) incorporated into the soil, and to different spatial arrangements. The study was carried out under field conditions from August to November of 2014, at the Experimental Farm 'Rafael Fernandes' of the Rural Federal University of the Semi-Arid (RFUSA), in Mossoró, in the State of Rio Grande do Norte, Brazil. The experimental design was a randomised complete blocks in a 4 x 3 factorial, consisting of a combination of four different amounts of flor-de-seda biomass incorporated into the soil (20, 35, 50 and 65 t ha -1 of dry matter) and three spatial arrangements for the crop rows (2 x 2, 3 x 3 and 4 x 4). The carrot and cowpea cultivars used were Brasília and BRS Itaim . The characteristics under evaluation in the carrot were total, commercial and classified root production (scrap, short, medium and long). For the cowpea-vegetable, the following were evaluated: number, productivity and dry matter weight of green pods, number of grains per pod, 100-grain weight and yield of green grains. The agro-economic efficiency indices evaluated in the intercropping were: land equivalent ratio for the system and partial land equivalent ratios for the crops, monetary advantage and modified monetary advantage. The greatest agro-economic efficiency with the intercrop system was recorded in the biomass amount of 30 t ha -1 flor-de-seda. The 2 x 2 spatial arrangement resulted in greater system efficiency. The use of flor-de-seda as green manure is economically viable for the farmer when intercrop carrot with cowpea-vegetable.
INTRODUCTION
The production of vegetable crops is quite activity present in small farms and important in the introduction of cultivation systems that provides an increased production yields of crops per unit area. Among these farming systems is the intercropping, when performed properly presents economic and biological stability of the agro-ecosystem, as well as efficiency of the use of the available resources: soil, water, light and nutrients (SEDIYAMA; SANTOS; LIMA, 2014).
This cultivation system consists of an intermediary system between the monocrop and conditions of natural vegetation, where two or more cultures develops for a certain period of time, not being necessary to be planted at the same time, but which such plants cohabit much of its productive cycle and is practiced mainly by small producers (OLIVEIRA et al., 2013) .
To reach satisfactory results in this cultivation system is essential to achieve well-managed agricultural practices to ensure a good crop yields, including, green manure and the use of spatial arrangements between the components cultures. Both factors may favor the success of intercropping system depending on its management regarding the choice of the cultures involved in the system (OLIVEIRA et al., 2015) .
In Brazil the legumes are the species most commonly used as green manure, but other species have been studied, including grasses (BEZERRA NETO et al., 2011) . But when it comes to semi-arid northeast, spontaneous plants or exotic with high productive potential of plant biomass have been highlighted as a source of green manure in the state of Rio Grande do Norte, promoting satisfactory results in crop yields.
Among these works, we can highlight the Linhares et al. (2008 Linhares et al. ( , 2012 and Bezerra Neto et al. (2014) , who have obtained promising yields of coriander, arugula and carrot fertilized with hairy woodrose, and those performed by Silva et al. (2013) , Almeida et al. (2015) and Oliveira et al. (2015) , which yielded promising results in the productivity of marketable carrot roots in monocrop, agronomic efficiency in the lettuce-arugula intercropping and agronomic viability in the polyculture of arugula, carrot and lettuce, both fertilized with flor-de-seda.
On the other hand, the spatial arrangements when properly applied, can contribute to that different combinations of species can increase the crop yields compared to the monoculture. It is known that the spatial arrangements can affect the production characteristics and productivity of many crops , establishing the relationship between the production components resulting in a productive response (PIVETTA et al., 2012) . The best spatial arrangement is one that provides a more uniform distribution of plants per area, allowing better use of light, water and nutrients (ARGENTA et al., 2001 ).
The research objective was to evaluate the agroeconomic efficiency of intercropping of carrot and cowpeavegetable as a function of flor-de-seda biomass amounts incorporated into the soil and spatial arrangements.
MATERIAL AND METHODS
The study was conducted at the Experimental Farm 'Rafael Fernandes' of the Rural Federal University of the Semi-Arid (UFERSA), Mossoró, RN, Brazil, from August to November 2014. Prior to the installation of the experiment in field, soil samples were collected at a 0-20 cm depth. These samples were processed and analyzed in the Laboratory of Chemistry and Fertility of Soil and Plant Nutrition of the UFERSA, providing the results as shown in Table 1 .
The experimental design was a randomized block in a factorial 4 x 3, with four replications. The first factor was constituted by four amounts of flor-de-seda dry biomass incorporated into the soil (20; 35; 50; 65 t ha -1 ) and the second factor of three spatial arrangements of plant rows of the crops (2 x 2, 3 x 3, 4 x 4).
The intercropping was established in alternate rows as the spatial arrangement between the carrot and the cowpea-vegetable, being 50% of the area for the carrot and 50% for cowpea-vegetable, flanked by two guard-rows of each culture, with 25 plants of carrot and 10 of cowpeavegetable per linear meter, with one plant per hole.
The total area of the parcels in the spatial arrangements 2 x 2; 3 x 3; 4 x 4 were 2.40 m², 3.00 m² and 3.60 m² with a harvest area of 1.00 m², 1.50 m² and 2.00 m² containing 50; 75 and 100 plants of carrot and 20; 30 and 40 plants of cowpea-vegetable The soil preparation consisted of harrowing, followed by the lifting of beds with a seedbed-tiller of six spades. Subsequently, one solarization was held in their pre-planting according to the method of Silva et al. (2006) .
Productive and economic efficiency of carrot intercropped with cowpea-vegetable resulting from green manure and different spatial arrangements The flor-de-seda plants were collected near the city of Mossoró, RN (37°31'16" `S and 5°27'34'' `W, 34 m altitude), and manually cut with the aid of machete, extracting only the green part of the plant. The material was triturated in a mechanical fodder and subjected to the drying process in full sun up to obtain about 10% moisture. Material samples were taken and sent to the Laboratory of Soil Fertility and Plant Nutrition of the UFERSA where took place the chemical analyses, providing the results shown in (Table 2 ).
The manuring was performed in two stages, with 50% of the amounts of flor-de-seda incorporated at 20 days before planting and the remaining 50% was incorporated at 45 days after planting. The amounts of flor-de-seda biomass used in monocrop of carrot and cowpea-vegetable were 42 and 51 t ha -1 , respectively, based on the optimization recommendations of Silva (2014) and Vieira (2014) .
The irrigations were made in two shifts (morning and afternoon), providing a water slide of about 8 mm day -1 (LIMA et al., 2010) , in order to promote the microbial activity of soil in the process of decomposition. During the experiment, hand weedings were performed. The carrot and cowpea-vegetable cultivars planted were Brasília and BRS Itaim adapted for cultivation in the Northeast Brazil.
The carrot and cowpea-vegetable sowings were held in simultaneously cultivation, on 1 September 2014, in holes of approximately 3 cm in depth, putting three and two seeds per hole for carrot and cowpea-vegetable, respectively. At 17 and 7 days after sowing (DAS), it was carried out the thinning of carrot and cowpea-vegetable plants, respectively.
At 50 DAS, five plants per row of cowpea-vegetable in each plot were randomly marked to obtainment the data. The harvest of cowpea-vegetable was held in the period Table 2 -Chemical composition of flor-de-seda biomass (Calotropis procera (Ait.) R.Br.) incorporated into the soil P, K and Na: extracted with Mehlich solution; Ca and Mg: extracted with KCl mol L -1 ; water pH; CEC at pH 7.0 55-65 DAS, and was made four harvests. The harvest of carrot was held at 104 DAS.
The characteristics evaluated in the carrot were: total and commercial, and classified productivities of roots (scrap, short, medium and long). The total productivity was determined by the fresh mass of the roots of the plants of the harvest area, expressed in t ha -1 . The commercial carrot productivity was quantified by fresh mass of roots long, medium and short of the harvest area of the parcel, free of cracks, bifurcations, nematodes and mechanical damage, and expressed in t ha
The classified productivity of roots was assessed according to the length and greater diameter in: long (length of 17 to 25 cm and diameter < 5 cm), medium (length 12 to 17 cm and diameter > 2.5 cm), short (length 5 to12 cm and diameter > 1 cm), and scrap, the roots that presented with cracks, bifurcations, nematodes and/or mechanical damage (VIEIRA et al., 1997) .
In cowpea-vegetable crop, we evaluated: number of green pods per m²; productivity and dry matter weight of green pods; number of grains per pod; 100-grain weight and yield of green grains.
For intercropping systems, we evaluated the partial land equivalent ratio for carrot (LER c (OLIVEIRA et al., 2015) , being the gross income (GI) equal to the crops productivity in each treatment multiplied by the product value paid to the producer, and the net income (NI), obtained by subtracting of the gross income, the costs of production, deriving from inputs more services.
Univariate analysis of variance was performed to evaluate the characteristics of the cultures and the agroeconomic efficiency indices in the intercropping systems. The software used in the analysis was the SISVAR (FERREIRA, 2011) . The Tukey test was used to compare the means between spatial arrangements. The adjustment procedure of regression curves was used to estimate the behavior of each feature or index as a function of the amounts of flor-de-seda biomass incorporated into the soil (JANDEL SCIENTIFIC, 1991).
RESULTS AND DISCUSSION

Carrot crop
There was no significant interaction between the flor-de-seda biomass amounts incorporated into the soil and the spatial arrangements between the component cultures in the studied variables (Table 3) . , respectively, decreasing then, up to the last amount added to the soil ( Figures 1A and B) .
These results probably occurred due to the greater availability of nutrients provided by green manuring, which in addition to being good nitrogen suppliers also provide it by recycling of nutrients. Thus, when the supply of nitrogen quantities is adequate it favors vegetative growth, expands the active photosynthetic area and raises the productive potential of the crop. Another aspect is that the increase of organic matter content in the soil can reduce the phosphorus retention on the surface of some clay minerals, increasing their availability to plants. In addition, the organic manuring functions as a source of energy for useful microorganisms, improves the structure and the aeration, and the capability to store moisture, as well as has a regulatory effect on the soil temperature, and helps to hold the potassium, calcium, magnesium and other nutrients in forms available for the roots (BATISTA et al., 2012) .
In this sense, the observed positive behavior in this culture does not come only of the contents of nitrogen, phosphorus and potassium released by the amounts of flor-de-seda incorporated into the soil, but also by the synchrony in which these nutrients are released and absorbed by plants (SILVA et al., 2013) . Thus, once the plant is well nourished, consequently it has an adequate accumulation of dry matter in which corresponds a leaf area active photosynthetically with enough capacity for translocation of assimilates, which will result in a plant of productive high capacity.
For the productivity of long roots, it was observed an increasing behavior as a function of the amounts of added flor-de-seda, up to the maximum value of 12.97 t ha -1 in the amount of 31.19 t ha -1 , decreasing then, up to the greater amount of flor-de-seda studied ( Figure 1C ).
On the other hand, decrescent behavior in the productivity of medium roots was observed as a function of the flor-de-seda amounts, obtaining the maximum value 16.17 t ha -1 , in the amount of green manure 20 t ha -1 ( Figure 1D ). Regarding productivity of short carrot roots, there was no adjust of a response function. The mean value of this productivity was of 3.6 t ha-1 ( Figure 1E ).
For productivity scrap carrot roots, there was an increase as a function of the flor-de-seda amounts, with a maximum yield of 5.45 t ha -1 in the amount of 65 t ha -1 ( Figure 1F ). This behavior is due to the increase in overall productivity resulting from the greater amounts of fertilizer, which to increase the overall productivity naturally, increase the productivity of scrap roots.
No significant differences were observed between the means of the total, commercial, and classified productivities of carrot roots in: long, medium and scrap of the spatial arrangements. These results show that there was no influence of these spatial arrangements on these characteristics (Table 4) .
Significant difference was recorded between the spatial arrangements only in the classified productivity of short roots of carrots, with the arrangement 3 x 3 standing out from the others (Table 4 ). This behavior is explained by the different dynamics of interspecific competition in the different intercrops with regard to major or minor dispute of the component crops by water, light and nutrients being favorable to the spatial arrangements of planting. It is likely that these arrangements proportionated a more uniform distribution of plants per area, thus enabling better use of environmental resources by crops (ARGENTA et al., 2001) .
Cowpea-vegetable crop
There was no significant interaction between the amounts of flor-de-seda biomass incorporated into the soil and the spatial arrangements between component cultures for any of the evaluated characteristics (Table 5) .
Analyzing the isolated effect of each factor in the number of green pods per square meter, productivity and dry weight of green pods, it was registered a crescent response with increase in the flor-de-seda biomass amounts incorporated into the soil, reaching the maximum values of 83 pods per square meter, and of 2.30 and 0.28 t ha-¹, respectively, in the amount of 65 t ha-¹ of flor-de-seda biomass added to the soil (Figures 2A, B and C) .
This same crescent response was also observed as a function of the green manure amounts incorporated into the soil for number of green grains per pod, weight of 100 green grains and yield of green grains up to the maximum values of 7 grains, 39.31 g and 3.69 t ha -1 , respectively, in the amounts of 58, 48.84 and 61 t ha -1 of flor-de-seda added to the soil (Figures 2D, E and F) . It is possible to have occurred an adequate synchrony between the decomposition and mineralization of the manure added to the soil, showing a nutritional supply for the plants of carrot and cowpea-vegetable (FONTANETTI et al., 2006) .
The crescent response to these characteristics evaluated as a function of the increase in the flor-de-seda amounts is due to the beneficial effects of green manuring. In addition, this response provides the improvement of the structure and of the aerating the soil and of its capacity to store moisture (SILVA et al., 2013) . Thus, these benefits of green manuring were converted in higher yields by the cultures. ), productivity of green pods (PGP), dry weight of green pods (DWGP), number of green grains per pod (NGP), weight of 100-green grains (W100GG) and yield of green grains (YGG) of cowpea-vegetable (Vigna unguiculata L.) as a function of flor-de-seda biomass amounts (Calotropis procera (Ait.) R.Br.) and spatial arrangements of the component cultures ** = P < 0.01; * = P < 0.05; ns = P > 0.05 *Means followed by the same lowercase letter in the column do not differ by Tukey test at 5% probability There was no significant difference between the spatial arrangements for the number of green pods, productivity of green pods, number of grains per pod and dry weight of green grains of cowpea-vegetable intercropped with the carrot. These results indicate that there was no competitive influence of these arrangements in these evaluated traits. On the other hand, for the dry weight of green pods and weight of 100 green grains, there was significant difference between arrangements, with the arrangement 2 x 2 standing out from the others (Table 6 ).
This behavior observed in the arrangement 2 x 2, can is associated with the greater shading and competition for nutrients provided by the spatial arrangements with high populations. It is likely that in the smaller populations, the decreasing of the density of plants has been compensated with the highest concentration of assimilates in the roots, due to better use of resources such as light, nutrients, water, oxygen and inputs available (TEIXEIRA; MOTA; SILVA, 2005).
Agro-economic efficiency
There was no significant interaction between the amounts of flor-de-seda and spatial arrangements in the agro-economic efficiency indices evaluated in intercropping system (Table 7) .
Crescent behavior was observed in the LER and LER c , as a function of the amounts of flor-de-seda Figures 3A and B) . When it increased the flor-de-seda amounts, there was an increase in the LER cv , obtaining a maximum value of 0.68 in the amount of 65 t ha -1 .
The results found in the LER of 1.99 in the intercropping portray positive effect on food production per unit area, indicating that in this cropping system occurred a better use of environmental resources, as compared to the monocrop system.
The MA and MMA increased as there was an increase in the amounts of flor-de-seda incorporated into the soil, up to the maximum values of R$ 21,533.28 and R$ 13,360.92 ha -1 in the amounts of the green manure of 32.60 and 35.11 t ha -1 , respectively, decreasing thereafter ( Figures 3D and E) . These results are due to the fact of the intercropping to have responded very well to green manuring with flor-de-seda, thus, due to better use of environmental resources by carrot plants and cowpeavegetable in those quantities tested.
On the other hand, the lowest value of MMA was observed in the amount of flor-de-seda of 65 t ha-¹ and is related to their higher cost of production per hectare in this amount. However, in terms of LER, this amount of the green manure showed high yield potential, but in terms of economic index, the yield obtained in this amount was not able to turn this productive potentiality in economic terms equal to the amount of 35.11 t ha -1 .
Among the spatial arrangements, there was no significant difference in the LER, LER c and LER cv , MA and in the MMA of the intercropping of carrot and cowpea-vegetable (Table 8 ).
In the differentiated partitions of each culture, the carrot contributed with 1.32 and the cowpea-vegetable with 0.63 for LER of 1.95 in the arrangement 2 x 2. Thus, we can see that the carrot culture has contributed more to the advantage of the system. According Willey (1979) , species with higher partial LER values are considered more competitive for limiting factors of the growth than the species with the lowest values of partial LER. According to Custodio et al. (2015) , when the LER is equal to 1.0 there is no difference between the cropping systems. When the LER is greater than 1.0 the intercropping is advantageous and when lower 1.0 is detrimental in terms of production.
The value of the LER of 1.95 portrays the positive effects in food production per unit area by the use of this arrangement in the carrot and cowpea vegetable intercropping, indicating that occurred a higher utilization of environmental resources, showing greater viability of this arrangement, being necessary at least 195% more area for the crops in monocrop planting produce the equivalent to the production of this intercropping in a hectare. 
CONCLUSIONS
1. An agro-economic optimization of the carrot and cowpea-vegetable intercropping was achieved in the amount of 30 t ha -1 of flor-de-seda biomass incorporated into the soil; 2. There was no influence of the spatial arrangements between the component crops in the agro-economic efficiency of the carrot and cowpea-vegetable intercropping;
3. The use of flor-de-seda a s g r e e n m a n u r e i s economically viable to the farmer in the intercropping of carrot and cowpea-vegetable.
